FAIRED COMPOSITE BODIES
In radar cross section (RCS) analysis of complex scattering strrictures, one needs a computer model of the structure. Especially for high frequency (HF) analyses, it is advantageous to model such structures as composit i o n s of canonical shapes (Eg. disks, cone frustums, ellipsoids and ogives) for which the surface derivatives can be found analytically. Such models, however, ran have many wedge junctions; whereas, streamlined aerodynamic bodies usually have relatively smooth junctions. As an example, Figure 1 shows a typical scattering structure, composed of an ogive nose section, a cone frustum and a disk. Note the wedge junction between the cone frustum and disk.
More realistic m o d e l s can be obtained by fairing of the junctions between basic shapes. Fairing is similar to "sanding off" knife edge junctions or "filling in" sharp interior junctions t o yield surfaces with slope continuity. Figure 2 shows the body of Figure 1 with the wedge junction faired. The fairing is defined analytically [l] by elliptic curves that match smoothly to the cone frustum and disk contours in each longitudinal cut through the body. The family of elliptic curves around the cross section of the body then form a faired shape for which derivatives can be found analytically. By varying the points where the fairing begins and ends, one can define a wide range of fairings in an effort to closely model a real structure. Note that the wedge is now replaced by a doubly curved surface which terminates into two smooth junctions.
The method described above can be extended t o structures consisting of a main body and side bodies intersecting it, where the fairing between intersecting bodies are also described analytically. Figure 3 shows a drawing of an airplane which was defined in this manner. 111 an HF analysis of the RCS of scattering bodies, it is assumed that the bodies are large in terms of the wavelength of the incident electromagnetic field. The RCS can then be found as an addition of scattering contributions from distinct scattering centers. In this case, the calculation of RCS will involve computation of direct reflected fields using Geometrical Optics and computation of diffracted fields from discontinuities in surface slope (wedges) or radius of curvature (smooth junctions) using the Uniform Geometrical Theory of Diffraction (UTD). Physical Optics (PO) and Equivalent Current techniques are used in caustic regions where whole surfaces or lines contribute to the backscattered field. For the body in Figure 1 , the caustics for backscattered fields are the flat surface caustic in the -X-axis direction (whole disk contributes to reflected fields), the line caustic in directions perpendicular to the cone frustum surface (a whole line contributes to the reflected fields) and the ring caustic in the +X-axis direction (the whole ring-shaped wedge contributes to diffracted fields).
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FULL VOLUMETRIC RCS ENVELOPE
The RCS of complex structures as a function of the incidence angle has, in general, many oscillations due to scattering contributions adding up anywhere from in phase to out of phase. By adding all these contributions in phase, one obtains the RCS envelope. This result is either a maximum envelope (when fields are added) or a mean envelope (when powers are added). Note that, when computing the envelope, one can use larger angrilar increments than would have been necessary for conventional methods where the oscillations of the RCS have to be described. This inherent efitirncy of the envelope technique makes it particularly suitable for computing and displaying full volumetric RCS p a t t e r n s . The graphs on the sides of the maps display the RCS for angles along the cursor lines through the maps. Those plots are the principal plane RCS plots for the body. For the unfaired body, the RCS value in the center of thc map (Figure 4(a) ) is mainly due to the ring caustic contribution. The dark circle surrounding the center corresponds to the caustic directions perpendicular to the sides of the cone frustum. The peak values at 0 = 90" and 4 = 41180" correspond to the caustic direction perpendicular to the flat face of the disk; i.e., in the -X-axis direction. The RCS map for the faired body (Figure 4(b) ) differs from the previous one mainly in two regions. Firstly, the values at the center of the map disappeared, due to the ring caustic magnitude for the smooth junction which is much weaker than for the wedge junction. Secondly, the region of the map outside the dark circle has higher RCS, due to the GO reflected field contributions from the faired shape. Figure 5 shows how well the computed envelope agrees with the measured RCS pattern for the unfaired body. The main discrepancies are in the region around q5 = 0". This is due to higher order effects such as creeping waves and double diffraction terms which have not been included in the computations. Similar agreement was obtained for the faired body [l] .
Computed full volumetric envelope RCS patterns for the two bodies
CONCLUSIONS
The method described above is useful for defining realistically looking models of complex scattering structures with faired junctions. The resulting models are also well suited for an HF analysis. Finally, the envelope technique is particularly useful to efficiently compute and display full volumetric RCS patterns.
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